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This paper proposes a method for enhancing the quality of mini-max type robust optimal design
by using the concept of function regularization. Since robust optimal design considers variations under
various noises, the quality of a solution is affected by the intermediate model for considering variations of
the objective function and constraints within a distribution region. The mini-max type robust optimal design
has been proposed by the authors for considering the bounding points of the objective and constraints within
the distribution region as a definition of robust optimality. The function regularization proposed in this
paper enhances its accuracy by filtering the functions so as to improve fidelity of quadratic approximation,
which is used for obtaining the bounding points. The filter is formulated as the form of Fourier series and is
implemented for the mini-max type robust optimal design scheme. Then, numerical experiments, in which
second-order Fourier series is used as the filter, are demonstrated with two numerical sample problems; a
two-dimensional algebraic problem and a simple structural optimal design problem.
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Boundary of feasible region
(a) Intermediate model of original function (b) Intermediate model of regularized function
Fig. 2 Effect of function regularization
˜h(v)
( “Boundary of feasible region”)
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Search the extremes of functions
within a distribution region
Discriminate the type of an ex-







The feasibility of a distribution
region and the inferior extreme of
the nominal objective within it
 (j) 














Generate a tentative design
 (f) 










Optimize the critical optimality
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h smin ∆h (0 < ∆h < 0.5)
hmax = h smax +∆h (h smax−h smin), hmin =
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Fig. 4 Contour plot of two-dimensional sample problem





















x1 −0.3945 ←− −0.3943 ←−
x2 1.1139 ←− 1.1003 ←−
g1(x
∗) 0.0000 0.0148 0.0000 0.0023
g2(x
∗) 0.0000 0.1835 0.0000 0.0139
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Fig. 5 Regularization filter for g2(v) at the final

































































(a) Original and regularized function
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Fig. 6 Approximation of g2(v) at the final iteration










Fig. 7 Optimal design problem of welded beam
g2ζ (αζ ,g20 ,g2(v)) 6 (a)
2 (b)
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g2 ≤ 0
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find x = [h, l, t, b ]T =
[
x1, x2, x3, x4
]T
that minimizes
f (x) = c1 x12 x2+ c2 x3 x4 (L+ x2)
Subject to
g1(x) = τ (x)− τmax ≤ 0
g2(x) = σ (x)−σmax ≤ 0
g3(x) = x1− x4 ≤ 0
g4(x) = 3.18×10−3− x1 ≤ 0
g5(x) = δ (x)−δmax ≤ 0
g6(x) = P−Pc (x) ≤ 0
2.54×10−3 ≤ x1 , x4 ≤ 5.08×10−2






L = 355.6 (mm), P = 26.7 (kN), τmax = 93.9
(MPa), σmax = 207.0 (MPa), δmax = 6.350 (mm),
c1 = 67.414 ($/m3), c2 = 2.936×103 ($/m3)
E = 207.0 (GPa) G= 82.8
(GPa)
σ = [ 0.5 , 0.5 , 0.17 , 0.17 ]T (mm)









find x = [h, l, t, b ]T =
[
x1, x2, x3, x4
]T
that minimizes
















g3(x) = x1− x4 ≤ 0





− 1δ ≤ 0
g6(x) = P−Pc (x) ≤ 0
2.54×10−3 ≤ x1 , x4 ≤ 5.08×10−2
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Table 2 Robust optimal design result of welded beam
(a) Robust optimum over
original functions
(b) Robust optimum over
regularized functions




















x1 = h [mm] 6.276 ←− 6.373 ←− 6.381 ←−
x2 = l [mm] 247.367 ←− 244.019 ←− 244.185 ←−
x3 = t [mm] 193.444 ←− 192.195 ←− 192.095 ←−
x4 = b [mm] 7.858 ←− 7.954 ←− 7.962 ←−
g1(x
∗) [MPa] 0.000 0.567 0.000 0.159 0.000(∗) 0.000
g2(x
∗) [MPa] 0.000 0.033 0.000 0.008 0.000(∗) 0.000
g3(x
∗) [mm] 0.000 0.000 0.000 0.000 0.000 0.000
g4(x
∗) [mm] −1.601 −1.601 −1.697 −1.698 −1.705 −1.705
g5(x
∗) [mm] −5.914 −5.913 −5.914 −5.913 −5.911(∗) −5.910
g6(x
∗) [kN] −15.177 −15.166 −16.642 −16.638 −16.768 −16.757
f (x∗) [$] 3.736 3.736 3.751 3.746 3.751 3.751
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Fig. 8 Constraints on the parameters of second-order
regularization filter
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